This study quantified the optimum doses of nitrogen (N), phosphorus (P) and potassium (K) fertilizers for wheat (Triticum aestivum L. cv Shatabdi) cultivation under irrigation by municipal wastewater (here after called wastewater). Separate experiments were conducted with the three nutrients, applying each at five different doses and the other two at the recommended doses. An equal amount of irrigation by wastewater was provided to each experiment. The spike length, spikelets per spike, grain yield and harvest index of wheat increased with the increase in N dose up to 100 kg ha , beyond which the P exerted negative, but insignificant, effect on the crop attributes. The omission of N or P significantly reduced the yield attributes and yield of wheat, with the dominant effect of N. Either the omission or the higher than the recommended dose of K had no significant suppressing effect on the grain yield of wheat. The crop most effectively utilized the nutrients when supplied at the lower doses. The omission of N or P or K minimally reduced the 1000-grain weight. The negative effects of the excess nutrient doses were the greatest for N and least for K, implying that N was the most limiting and K was the least limiting factors for wheat production.
Introduction
The disposal of municipal wastewater is a major problem faced by the municipalities, particularly in the case of large metropolitan areas with limited space for land-based treatment and disposal. Consequently, more than 80% of the wastewater generated in the developing countries (e.g. Bangladesh) is discharged untreated into the environment, and about 50% of the population depends on polluted water sources for various uses, including irrigation (UNESCO, 2003) . Various studies have shown that land application of municipal wastewater as water and/or nutrient source for crop production can stand for a sustainable alternative (Feigin et al., 1991; Pescod, 1992; Al Salem, 1996; Biswas et al., 1999; Yadav et al., 2002) , although such practice is greatly affected by the problems of public acceptance (Pollice et al., 2004) . Some treatments of wastewater prior to its use in irrigation are thought essential to protect human health and prevent contamination of soil and surface water bodies. The high energy costs, technology requirements and frequent maintenance problems of the treatment plants, however, render wastewater treatments ineffective for use in most developing countries. In practice, these countries use untreated/raw wastewater in agriculture for a number of reasons, such as higher than the potential yields for most crops and reduction in the requirements of inorganic fertilizers under irrigation by wastewater. For example, in Saudi Arabia, the irrigation by wastewater has increased crop production, and water and nitrogen use efficiencies, and served as a source of plant nutrients (Hussain and Saati, 1999) .
The use of untreated municipal wastewater often poses a set of various problems. All crops need a specific amount of the major nutrients, such as nitrogen, phosphorus and potassium along with several micro nutrients for their normal growth and development.
Once the nutrient doses exceed the optimum limit, the crop growth and yield are hindered. The excess nitrogen over the recommended dose for optimal yield stimulates the vegetative growth, delays ripening and maturity, and very often, causes yield loss of the crops. The wastewater-induced salinity, when becomes considerable, reduces the crop productivity due to general growth suppression at pre-early seedling stage, and nutritional imbalance and growth suppression due to the toxic ions (Kijne et al., 1998) . Overapplication of the fertilizers is therefore considered a reason for the restriction of yield increase in the wastewater-irrigated crops. Due attention has not yet been given to develop a proper management strategy for irrigation by the municipal wastewater in Bangladesh, although a few peri-urban farmers have started irrigating their crops with this water. This study was therefore designed to determine the optimum dose of the three major nutrients: nitrogen, phosphorus and potassium for wheat cultivation under irrigation by municipal wastewater.
Materials and methods

Experimental site
The experiments of this study were conducted with wheat during November 
Treatments and design
Three experiments were designed with different dosecombinations of three major nutrients: N, P and K.
The treatments of each experiment comprised four doses of one of the major nutrients; the other two major nutrients and, as micro nutrients, sulphur (S), zinc 
Cultural operations
The entire doses of the fertilizers in the treatments of the experiments, except the urea, were applied to the prescribed plots during the final land preparation and incorporated into the soil. The urea was applied in two splits: two-thirds during the land preparation and the rest as top dress before the first irrigation at 20 days after sowing (DAS). The wheat seeds, @ 120 kg 
Data collection
The leaf area and above-ground dry matter were 
Nutrient use efficiency
The nutrient use efficiency (NUE) was calculated by using the difference in the nutrient of interest between the fertilized and control plots. The NUE was expres- 
Results and discussion
Effects of N doses on growth and yield
The application of nitrogen exerted a significant (p = 0.05) positive influence on the growth and yield attri-butes, and yield of wheat compared to its omission.
As given in Table 1, 
Effects of P doses on growth and yield
The omission of phosphorus (P 0 ) significantly reduced the growth and yield attributes of wheat except the 1000-grain weight and harvest index compared to its inclusion ( Table 2 ). The degree of reduction of the crop attributes was however smaller than that due to the omission of nitrogen ( Table 1 ), stating that the P was a lesser impact-generating nutrient than the N on the growth and yield attributes of wheat.
The application of P augmented, in most cases insignificantly, all the growth and yield attributes, and yield of wheat ( Table 2 ). The treatment P 3 compri- 
Effects of K doses on growth and yield
The growth and yield attributes, and yield of wheat improved, generally, with the increasing dose of K.
However, unlike N and P, the K did not impart any significant positive influence on these crop attributes (Table 3 ). The crop attributes also did not differ significantly among the treatments consisting of different doses of K. Also, unlike N and P, the higher doses of K did not reveal considerable negative impacts on the growth and yield of wheat. A linear increase in the grain yield with the increasing biomass yield, illustrated in Figure 3 (A), revealed a proportionate contribution of the K to both the yields. The grain yield was however independent of the maximum leaf area index ( Figure 3B ). 
Nutrient use efficiency
The nutrient use efficiencies such as -physiological efficiency, PE; agronomic efficiency, AE; and crop recovery efficiency, RE, for different treatments of the N, P and K are catalogued in Table 4 
Conclusions
The nitrogen, phosphorus and potassium doses of 100, 20 and 60 kg ha −1
, respectively were optimum for the maximum yield of wheat under irrigation by municipal wastewater. Both the omission of N or P or K and their doses in excess of the requirement had negative effects on wheat production. At doses lower than the optimum, the crop utilized most of the supplied nutrients, while at doses higher than the optimum, the poor reproductive growth associated with the excessive vegetative growth of wheat caused ineffective utilization of the supplied nutrients. The nitrogen was the most limiting and K was the least limiting factors for wheat production under wastewater irrigation.
